As a result of the first study on secondary metabolites from the cosmopolitan bioluminescent marine tube polychaete Chaetopterus variopedatus, a new bicyclic guanidine alkaloid, 6-epi-monanchorin (1), along with the previously known monanchorin (2) were isolated. The structure of 1 was elucidated by spectroscopic and chemical methods, including a cleavage of the C 1 -O 7 bond to obtain a secondary alcohol (3), which was used to determine the absolute configurations by Mosher's method. It was found that 1 and 2 were mainly accumulated in a secreted mucus special organ of the worm (food net), where green and blue-green microalgae were detected. A biosynthetic pathway to 6-epi-monanchorin and monanchorin from dietary polyenic fatty acid precursors was proposed.
Polychaeta is a class of the phylum Annelida containing more than 10,000 species, often found of high abundance in sea bottom communities [1, 2] . However, significantly fewer natural products from Polychaeta have been reported, when compared with other big taxa of marine invertebrates [3] . Since 1960, when nereistoxin, an effective blocker of insect nicotinic acetylcholine receptors [4] , was found in the marine polychaete Lumbricoiaereis heteropoda [5] , only a few bioactive compounds have been described [6] [7] [8] [9] [10] [11] .
Chaetopterus variopedatus, a remarkable and specialized worm, has inspired numerous investigations [12] [13] [14] [15] [16] [17] [18] . It lives in Ushaped opaque parchment-like tubes and filters food from the water using a secreted mucous net. C. variopedatus is one of the few known species of bioluminescent marine annelids. Particularly brilliant luminescence, unrelated to the classical luciferin-luciferase system, is not definitively associated with mating, defense, or predation, and the role of this adaptation remains unclear [14] . No individual natural product has been isolated from C. variopedatus to date, although fractions of pigments [15] , monoamines [16] , lectins [17] , and fatty acid derivatives [18] have been investigated.
All these characteristics have attracted attention to this species. In the course of our ongoing research on bioactive secondary metabolites from marine invertebrates [19, 20] , a new guanidine alkaloid was isolated from C. variopedatus. Here we report the complete structural characterization of the isolated compound, including assignment of absolute configuration and distribution of 1 and 2 in different body parts.
The EtOH extract of C. variopedatus was partitioned between H 2 O and n-BuOH. The n-BuOH-soluble materials were further partitioned with n-hexane and aqueous EtOH. The EtOH partition was subjected to reversed-phase HPLC to yield a new guanidine alkaloid 1 and the known monanchorin (2), earlier found in the sponge Monanchora ungiculata [21] .
The molecular formula of 1 was established as C 11 A combination of COSY and HMBC NMR data (Table 1) , in conjunction with HRESIMS and the IR spectrum, suggested this isolated compound 1 possessed the same planar structure as the bicyclic alkaloid monanchorin (2) [21] . However, the optical rotation of 1 was opposite in sign to that of 2. In addition, the H-6 proton signal was observed at higher field ( H 3.90) than that of 2 [21, 23] ( H 4.28). On the basis of these data we have suggested that 1 possesses another stereochemistry in comparison with 2. The relative configurations of the stereocenters in 1 were assigned by NOESY analysis (Figure 1 ). The correlations of H-1 / H-8a, H-9a, and H-9a / H-5 indicated that these protons were oriented on the same face of the ring system. On the contrary, cross-peaks H-6 / H-8b, H-9b oriented the H-6 on the opposite face of molecule and indicated a boat conformation of the ring. In this conformation this proton adopts a pseudoaxial position in 1 in contrast to monanchorin, where H-6 is in a pseudoequatorial position [21] . On the basis of these data, the relative configurations at C-1, C-5 and C-6 in 1 were assigned as 1R*, 5R*, 6R*, whereas 2 possessed 1R*, 5R*, 6S* configurations, and after stereoselective synthesis of (+)-and (-)-monanchorin [23, 24] its absolute stereochemistry was established as 1R, 5R, 6S.
Determination of the absolute configuration was based on reductive degradation by the treatment of 1 in ethanol with NaBH 4 at 70 o C to cleave the C 1 -O 7 bond and obtain a secondary alcohol (3). The absolute configuration of C-6 was then assigned by application of the modified Mosher method [25] . Figure 2 ) revealed that the absolute configuration of C-6 is R. Thus, the absolute configurations of 1 were assigned as 1R, 5R, 6R. Therefore, the structure of 1 was determined as 6-epi-monanchorin.
The known monanchorin (2) was identified on the basis of spectroscopic data by comparison with those previously reported [21, 23] . When the manuscript preparation was finished we found ASAP information on the isolation of 6-epi-monanchorin (1) from the marine sponge Halichondria panacea [26] . The absolute 
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The finding of the above described bicyclic guanidines in so different taxa may indicate that a common or nearly identical marine microorganism accumulated by both sponges M. ungiculata and, H. panacea and polychaete C. variopedatus or symbiotic to them is actually responsible for the biosynthesis of these compounds. In order to explain the origin of compounds 1 and 2 several specimens of C. variopedatus were dissected into four different body parts: anterior (fr.1), food net (fr.2), enlarged segments (fr.3), and posterior (fr.4).
Compounds 1 and 2 were quantified in these parts. Both compounds were predominant in the food net part ( Table 2 ). The food net (mucous feeding filter) of C. variopedatus effectively retains particles with a diameter of 0.5 µm and above, such as the green and blue-green microalgae [27] .
In fact, we have found that the C. variopedatus food net contains mainly a trapped mixture of unidentified blue-green and green microalgae. Microalgae were often described to be the dietary or symbiont sources of various natural compounds in marine invertebrates including such guanidine-containing metabolites as saxitoxin, isolated from marine bivalves [28] . Probably, bicyclic guanidines like monanchorin may be derived from the green or blue-green microalgae in filter-feeding organisms, such as the sponges M. ungiculata and H. panacea, and the polychaete C. variopedatus.
The structures of 1 and 2 suggest their fatty acid biogenesis ( Figure  3 ). This biosynthesis could be realized through an oxidation of arachidonic or other omega-6 polyunsaturated fatty acids into 2E,4Z-decadienal (i), as was found in microalgae [29, 30] .
Additional reactions might include conversions of precursor (i), such as saturation of the 2E bond (a), addition of a guanidine unit (b), and then interaction with a hydroxyl anion to give putative intermediates (ii) and (iii) with different absolute configuration at C-5 (c, d). To complete the bicyclic guanidinium synthesis, key cyclization events, i.e. an addition of a guanidine unit to an aldehyde group, and elimination of H 2 O to obtain the tetrahydropyran cycle, should occur. However the order of the bond-forming stages during biosynthesis, as well as the origin of the guanidine equivalent, has not yet been experimentally established. We have investigated the action of 1 and 2 on the viability, apoptosis induction, cell cycle progression, colony formation and migration of human germ cell tumor cell lines NCCIT and NCCIT-R, which are cisplatin-sensitive and cisplatin-resistant, correspondently. MTT assay revealed the substances to be noncytotoxic to both cell lines up to a concentration of 100 µM after 48 h of treatment and showed no apoptosis induction by flow cytometry.
At the same time, both compounds were able to inhibit strongly the migration of cisplatin-resistant cancer NCCIT-R cells (Fig. 4 ). Examination of effects of 1 and 2 on cell cycle progression revealed G1-phase cell cycle arrest following the treatment (Fig. 4) , which may explain the anti-migratory activity of the compounds.
Additionally, colony formation assay revealed the slight inhibition of colony formation of NCCIT-R cancer cells treated with 1 and a significant inhibitory effect of 2 (S21 C, Supplementary data). Overall, compound 2 was more active then compound 1 (Fig. 4) .
High content of 6-epi-monanchorin and monanchorin in C. variopedatus raises questions regarding their biological functions. Our attempts to establish their effect on bioluminescence of C. variopedatus gave an indefinite, rather negative answer, and will require additional studies.
Experimental

General experimental procedures:
Optical rotations were measured using a JASCO DIP-360 polarimeter, IR spectra using a Bruker Vector 22 spectrophotometer, and 1 H and 13 C NMR spectra using Bruker Avance III-700 and Bruker Avance III HD-500 spectrometers. Chemical shifts were referenced to the corresponding residual solvent signal (δ H 7.26/δ C 77.20 for CDCl 3 , and δ H 7.21/δ C 123.5 for C 5 D 5 N). 15 
Extraction and isolation:
Animal specimens (dry weight 22 g) were carefully extricated from their parchment tubes and extracted with EtOH immediately after collection (2 × 1.0 L). The EtOH extract was concentrated and partitioned between H 2 O and n-BuOH. The n-BuOH-soluble materials were repartitioned with aqueous EtOH and n-hexane. The EtOH fraction was purified by reversed phase HPLC using EtOH -H 2 O (55:45 + 0.1% TFA) to afford 6-epi-monanchorin (1, 225 mg, 1.0% from dry weight) and monanchorin (2, 30 mg 0.14% from dry weight).
6-Epi-monanchorin (1)
Colorless amorphous solid, TFA salt.
[α] D : -16 (c 0.9, MeOH 
Determination of microalgae:
The blue-green and green microalgae were examined in bright-field optics, using an Olympus BX-41 light microscope.
Cell lines and culture conditions:
The cisplatin-resistant subline NCCIT-R was generated as reported before from the NCCIT cell line, which was purchased from DSMZ (Braunschweig, Germany)
Cytotoxicity assay: The cytotoxicity assays were performed as previously described [31] .
Cell cycle and apoptosis induction analysis:
The cell cycle distribution was analyzed by flow cytometry using PI staining as described before [32] , with slight modifications. In brief, cells were preincubated overnight in 6-well plates (2 × 10 5 cells/well in 2 mL/well). The medium was changed to fresh medium containing different concentrations of the substances. After 48 h of treatment, cells were harvested with a trypsin-EDTA solution, fixed, stained, and analysed by FACS. The results were quantitatively analyzed using Cell Quest Pro software.
Colony formation assay:
Colony formation assay was performed as described before with slight modifications [33] . Cells were treated with the compound for 48 h, then cells were trypsinized and the number of living cells was counted with the trypan blue exclusion assay, as described before [34] . One hundred viable cells were plated into each well of 6-well plates in complete drug-free media (3 mL/well) and were incubated for 14 days. Then, the media was aspirated, surviving colonies were fixed with 100% MeOH, followed by washing with PBS, and air-drying at RT. Next, cells were incubated with the Giemsa staining solution for 25 min at RT, the staining solution was aspirated, wells were rinsed with dH 2 O, and air-dried. The number of cell colonies was counted with the naked eye.
Cell migration assay:
The assay was performed in non-coated Greiner bio-one ThinCert™ 24 well cell culture inserts (ø 8 μm pores). Cells were plated in the inserts (15 × 10 3 cells in 100 µL per insert) in reduced serum media (1% FBS/DMEM F-12 media) containing 100 µM of the substance or the solvent alone. The inserts were placed in the wells of a 24-well plate containing 800 µL of media with the same concentrations of FBS and the substance. After 72 h of incubation, migrated cells were fixed in methanol, and stained according to the Diff-quick staining protocol, non-migrated cells were removed, and the inserts were dried overnight. Migrated cells were counted manually using an Axiovert 25 microscope (Carl Zeiss).
